ABSTRACT
Introduction
Agro-biodiversity is a subset of natural biodiversity, which includes the plant genetic resources used for food and agriculture (cultivars, landraces, ecotypes, weedy races and wild relatives) (Negri, 2009 ). Maintaining such genetic variation within agricultural crops provides a broad range of essential goods and services which support ecosystem functioning, resilience and productivity (Tilman, 1999) . Therefore, it has become a core principle of sustainable agriculture and agroecology. Home garden is a complex sustainable land use system that combines multiple farming components, such as annual and perennial crops, livestock and occasionally fish, of the homestead and provides environmental services, household needs and employment and income generation opportunities to the household (Weerahewa et al., 2012) .
Nevertheless, loss of agro-biodiversity in the recent past has given global efforts to improve conservation actions through a number of international documents and agreements. The Convention on Biological Diversity CBD (1992) aims to halt the current loss of plant and crop diversity while assisting poverty reduction and sustainable development. It is believed that as opposed to ex-situ conservation, insitu, on farm conservation in farmer field and gardens is "dynamic" because it ensures the continuous adaptation of species and landraces within a changing environment and relies upon both human and biological components of the ecosystem. Much of the agro-biodiversity remaining in situ today is found on the semi-subsistence farms of poorer countries and on the small-scale farms and home gardens of more industrialized nations (Brookfield, 2001 ).
In Sri Lanka, home gardens have been an integral part of the landscape and culture for centuries (De Silva, 1981) . The land use systems in Sri Lanka at present are challenged as never being before with mounting concerns of environment on one hand and pressure of economic development on the other. Land use system not evaluate only on their ability to fulfill any single objective such as production of a selected commodity, but also on how best they fulfill the sustainability criteria. Over the years, the number and total area of home gardens in Sri Lanka have been increasing annually, with little policy support. The area under home gardens has been reported and widely quoted as 14.3% based on the reports of Food and Agricultural Organization (FAO, 2009 ). The total number of home gardens has also continued to grow at a rate of 1.6% annually (DCS, 2002) .
The Haritha Lanka programme of 2009 and the National Agriculture Policy of 2007 also highlights the importance of the home gardens. Development of 375,000 home gardens were aimed under the "Api Wawamu Rata Nagamu" (Let us grow and uplift the nation) programme launched in 2007, and strengthening of 1.5 million home gardens is the target of "Divi Neguma" (Livelihood Development) programme in order to achieve self-sufficiency (Government of Sri Lanka, 2011).
At the movement there are capital constraints and market barriers to extension of home gardens into commercial farms. On the demand side, it is predicted that the consumption risks, transaction costs and low wages that bring about dependency on home garden food will decrease with increased market access and price stability (Ferto et al., 2004) . Therefore, specific objective of this study was to assess agroenvironmental measures to ensure continuation of home gardens, unless the survival of home gardens is likely to be threatened by the structure of incentives, economic and social changes.
Methodology

Theoretical Framework
When considering the home garden most of the functions and services are not traded in the markets, therefore non-market valuation methods must be used to determine the values of their benefits. Benefits of most outputs, functions and services that home gardens generate primarily accrue to households in non-market values or utility. Because these households are both, producers and consumers, their preferences determine the implicit values they attach to home gardens and their attributes. This study intends to use Choice Experimentation Technique in valuation, because it enables estimation not only of the value of the environmental asset as a whole, but also of the implicit values of its attributes (Hanley et al., 1998) .
This technique has theoretical consistency in line with the Lancaster's model of consumer choice (Lancaster, 1966) and also has an econometric basis in models of random utility. Lancaster proposed that consumers derive satisfaction not from goods themselves but from the attributes they provide. In this technique, a utility function (Uij) as derived from home gardens is specified and behavior is integrated into this function by Random Utility approach, where utility of a choice is comprised of a deterministic component (V) and an error component (e), which is independent of the deterministic part and follows a predetermined distribution. Thus, the utility can be specified as;
(1) For any given household i, a given level of utility will be associated with any alternative home garden j. Therefore, utility derived from any of the home garden alternative depends on the attributes (Z) of the home garden and the social and economic characteristics (S) of households. This error component implies that the predictions cannot be made with certainty. Choices made between alternatives will be a function of the probability that the utility associated with a particular option (j) is higher than that the utility associated with other alternatives. Assuming that the relationship between utility and characteristics is linear in the parameters and variables function, and that the error terms are identically and independently distributed with a Weibull distribution, the probability of any particular alternative j Uij = V (Zj,Si) + e (Zj,Si) being chosen can be expressed in terms of a logistic distribution (Birol et al., 2006) This equation can be estimated using a Conditional Logit model. Once estimated, parameters of the model could be used to obtain a part-worth or implicit price formula for the marginal rate of substitution between income and an attribute concerned as; (2) This is the marginal welfare measure that seek for a change in any of the attributes (relevant to agro-biodiversity in home gardens), sometimes known as the Willingness-to-Pay (WTP) or the Willingness-to-Accept (WTA).
Figure 1: Sample choice set which was given to a group of respondents
This indirect measure is preferred over a direct monetary attribute because most of the outputs and functions of home garden that result in agro-biodiversity are not traded in the market, but consumed by the households themselves. The proxy monetary attribute can easily be converted into actual monetary units by using secondary data on the household expenditure on food consumption.
Study Location and Data
The study was carried out by partnering with the Community-Based Organization (CBO) in Lihiniwehere Grama Niladari (GN) Division in Rideegama District Secretariat (DS), located in the Kurunegala district in the North Western Province (Figure 2 ).
Figure 2: Study location Dodangaslanda
A preliminary survey which consisted with several focus group discussions were carried out to identify the most important attributes and attributes levels in the area. Best three active community-based organizations Lihiniwehera, Arunalu and Pubudu farmer organizations were selected and a total 189 households were randomly selected and interviewed during the period of April to May, 2014. The questionnaire was structured to measure the four components of the agrobiodiversity in the home garden.
Choice Sets
Choice cards were prepared using the crucial attributes and the attribute levels. An example choice set is presented in Figure 1 . A large number of unique home garden profiles can be constructed from this number of attributes and levels. An Orthogonalization procedure was used to recover only the main effects, consisting 27 home garden profiles and profiles were randomly blocked to nine different versions, each with three different home garden alternatives. After the face to face interview for the questionnaire, households were presented with the choice card and each respondent was asked to select the best preferred home garden from the three alternatives.
Data Analysis
Data were analyzed by using the software Stata version 11.2. Conditional logit approach was used for the data analysis process. For the population represented by the sample, indirect utility from home garden attributes takes the form as shown in equation 3 below. Where refers to the coefficient, which is specified to account for the proportion of choice of participation in home garden management. The term refers to the vector of coefficients associated with the vector of attributes describing home garden characteristics. The eighth monetary attribute (self-sufficiency) was included in order to estimate welfare charges. The monetary attribute in this choice experiment is a proxy, measuring the level of self-sufficiency in household food consumption the home garden supplies. This final attribute represents WTA compensation.
Results and Discussion
Out of the total 189, majority (62%) of the households were males and the rest (38%) females. From them 52.9% have completed their secondary education. About 77.8% households are maintaining their home gardens as a part time activity and from the total sample 42.3% households are engaged in the home gardening more than 15 years. From the total sample 34.9% are engaged in the home gardening between 10-15 years. So the majority of households were having the knowledge and the potential to maintain their home gardens as a perfect example for the sustainable home garden concept.
According to the descriptive statistics of the sample (Table 1) , livestock integration and the bee keeping in home gardens of the selected area was very low. Respectively lack of space availability and lack of knowledge became the major reasons for above incidences. Organic production and usage of organic manure is high. About 62.4% of the sample has traditional varieties in their home garden. Most of the households produced only for home consumption.
Disposal of the traditional varieties were mainly occurred via generation to generation (83.11%). Commercial versions of these traditional varieties were not available in the market place mainly due to lack of demand towards those varieties. Less productivity was the main issue of those traditional varieties when comparing to hybrids. Current seed requirement was mainly provided by the government agro officers (57.3%). Second choice was given towards the commercial traders (25.4%). Demand for the hybrids and selecting a commercial trader to purchase those seeds were the current trend in the area. 74.6% was currently receiving extension on home gardening. Timber crops are the mostly seen crop species (6) in home gardens in the area (Table 2 ). This is due to its main purpose of provision of timber as well as for the shade and for the beauty that creates by these trees. Apart from these timber crops households also focused on fruit crops, spices and different variety of flower crops in their home gardens. Direct usage of these flower varieties was to create an aesthetic value in the home gardens.
Thus this factor envisaged that the households were also indirectly considered about the pollination factor that ultimately increases the yield component of the home garden products. Tuber crop species (1) and the leafy vegetable crops (2) were the least seen varieties in home gardens.
Maximum number of seven main different animal species was seen in home gardens (Figure 3) . Bird, butterfly and reptile species were the prominent species in home gardens. Households were hardly liked the animal component in the home gardens, due to damages done by those species to the harvest. 
of animal species that has been visible in home garden
The results obtained from the conditional regression model are reported with respect to the eight attributes (Table 3 ). The overall fit of the model as measured by McFadden's ρ 2 is reasonable by conventional standards used to describe probabilistic discrete choice models.
Organic production, livestock component, combination of landraces and hybrid varieties, crop species, flower crops and raw material usage were significant and positively affected to the home gardens in the area. But, the animal species placed a negative significance and relatively very low demand.
The highest demand was given to the organic concept in the home garden. Studied area has a high potential and trend for the usage of organic concept. Main reason for this can be because households mainly produce for home consumption in home gardens and therefore, they may require the produce to be healthy.
They were not using any chemicals for the products thus; they were much reliable on the products from the home garden than in the market. Also, the freshness and the quality of the products were high. Furthermore, adaptation to the organic production was a vital part in the home garden. Also, older farmers may have less cash and high transaction costs to purchase chemical inputs, but they also have long experience with labor-intensive, input-extensive production methods. Younger ones with off-farm occupations and education also prefer organic concept. Maintaining the home garden with traditional varieties was also demanded at a considerable level. They also placed a great importance on crop variety diversity but a very low demand for the animal species diversity. Among the total crops that were allocated to the home gardens, more flower producing crops were required. This revealed that the households considered about the pollination factor that boosts their production. In addition, existences of flowering plants improve the aesthetic value of home gardens and households may be adding value to this aspect as well.
Demand for the raw material usage is also high. Households were utilizing the fuel wood, timber and medicinal benefits as much as possible from their home gardens. Age factor also a significant for maintaining the home garden. Well experienced older farmers knew the importance of a home garden and the main concepts of home garden than younger generation. Their attitudes were highly valuable and critical for the maintenance of a home garden. Primary data on the weekly expenditure of a household on food consumption in the studied area were combined with the regression coefficient to compute equation (2), interpreted here as the WTA compensation for a possible loss (Table 4 ). The results revealed that the households in the studied area attached the highest value to organic production.
Secondly, livestock component of a home garden derived the largest value. This is because the additional income generation as well as the other miscellaneous usage of livestock in home gardens in the area. Though it clearly showed that livestock integration attribute was an important concept to the home garden, in real case households were reluctant to maintain such a component in their home gardens.
Only maintenance of the landraces in the home garden was refused, but demand for both landraces and hybrids were requested by the households. Findings revealed that almost all the attributes of a home garden was significant in the studied area. 
Conclusions
This study estimated the private economic value of agro-biodiversity attributes in Kurunegala area home gardens. Findings support the a priori assumption that home garden attributes contributes positively and significantly to the utility of households in the area. The relative importance of the home garden attributes to a household depends on their social and economic factors as well as their education, age, location of the particular individual, family size, gender, landscape heterogeneity and cultural references.
Livestock integration and the organic production are highly valued by the households. Organically produced home gardens are valued by younger, more educated, families with higher incomes, followed by those poorer families with older decision makers. Landraces are attached the highest value by the elderly, experienced home gardeners, who are typically retired. According to the study respondents were almost satisfied with the extension services regarding the home garden. Animal species diversity is not much considered by the households. The opportunity cost for farmers of maintaining home gardens are expected to change with the economic changes, rising income and the market development that are meant to occur in Sri Lanka as a consequence of economic transition.
Infrastructure development and new employment opportunities proposed by the national level rural development plans and programs are expected to augment access to markets, reducing the dependence of farm families on their gardens for food needs and diet quality. Furthermore, across regions older farmers attach the highest values to crop genetic resources, and family size is an important determinant of agro-biodiversity management in the home garden. These facts imply that the ongoing migration of younger generation out of isolated regions may result in lower values of agro-biodiversity in home gardens than those estimated in this study.
With social and economic change, there is insufficient assurance that traditional home garden management is sustainable in the long run. The benefit estimates reported in this study represents only the private values of home gardens. A complete analysis of costs and benefits includes the private and public costs and benefits of home garden management, as well as a comparative analysis of policy instruments for achieving related social goals should be done. This analysis is needed before recommendations can be made concerning the inclusion of home gardens in national agro-environment schemes. Furthermore, findings have implications for agro-environmental policies for the studied area.
